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ABSTRACT

Potential disasters at an industrial processing plant may include an accident
resulting in a massive release of toxic materials, an uncontrollable reactant, a
devastating explosion or any combination of the above. All processing plant must be
guarded from all potential disaster scenarios. Therefore , emergency shutdown valves
has to be sure be operated with fault-free as the valves are kept idle in open position
for long periods and are designed to close and keep tight in case of a hazard occur.
Regular checking has to be performed in order to guarantee the function of the valves.
Emergency Shutdown valves have been tested at unit turnaround, using a Full Stroke
Testing and Partial Stroke Testing to demonstrate the performance. The scope of this
project is to verify the technology needed for Full Stroke Testing and Partial Stroke
Testing in order to ensure the performance of the Emergency Shutdown valve. The
testing is simulated by using WideField2 Software (YOKOGAWA) for Full Stroke
Test and FieldCare Software (Metso Neles) for Partial Stroke Test. Partial Stroke
Testing can be a good complement to Full Stroke Testing as it reduces the required
Full Stroke Testing frequency and associated operational impact. Partial Stroke
Testing will detect failure of Emergency Shutdown valves without disturbing the
process flow. Testing is conducted for sixth times. The valve status and its response
to mechanical movement during the test are monitored. Valve performance trend is
analyzed after each partial stroke test to find whether there is any potential of valve
failure. The result of valve test, pneumatics test, breakdown pressure and load factor
are being taken into consideration in analyzing the performance of the emergency

shutdown valve.



ACKNOWLEDGEMENT

Alhamdulillah, with my greatest gratitude to the Almighty Allah for His
gracious blessings throughout the completion of my Final Year Project duration
undertaken.

My deepest thankfulness would be to my supervisor, Assoc. Prof. Dr. Nordin
Bin Saad for all his guidance and endless support throughout the Final Year Project |
and Final Year Project 11 courses. Without his guidance and advice, | would not reach
this far. Also to Mr. Azhar, the Lab technician who had helped me a lot through the

entire period of this project.

Next in line is the Metso Engineers Mr Ivan Goh, Mr Adrian Oon and Mr Tan
Jee Yong who were very helpful to guide and train me throughout the project.

Without their help and training, this project would not be a success.

Not to forget are my fellow friends, who have been very helpful to assist me
in this project. Special thanks to my family for their love, support and motivation for

me to achieve the best in my life.

Finally, 1 would like to thank everybody who were directly or indirectly
involved in contributing to the successful completion of my Final Year Project.



TABLE OF CONTENTS

AB S T R A T . iv
ACKNOWLEDGEMENT ...t Vv
LISTOF FIGURES. ...ttt e, iX
LISTOF TABLES. ... Xi
LIST OF ABBREVIATIONS. ... Xii
CHAPTER 1: INTRODUCTION. ..ottt 1
1.1 Background of Study...........oooiiiiiiii 1
1.2 Problem Statement...........o.vvuiiiiiiiiiiiiiiei e, 2
1.3 OB OO IVES . . ettt ettt ettt e e 3
1.4Scope of StUAY.....ooviri 4
CHAPTER 2: LITERATURE REVIEW. ... 5
2.1 Emergency Shutdown Valve...............coooiiiiiiiiiiii, 5
2L 1BallValve... ..o 5
2.1.2 Butterfly Valve..........ccoooiiii 5
2.2 FUll Stroke Testing.......c.oevriiiiii e 7
2.2.1 Programmable Logic Controller (PLC).................c..... 7
2.2.2 WideField2 Software.............ccooviiiiiiiiien, 9
2.3 Partial Stroke Testing.........c.viiiriiiiiiieeee e, 12
2.3.1 Safety Integrity Level (SIL)........cooeveiiiiiiiiiie, 12
2.3.2 Neles ValvGuard concept ..........ccoovviviiiiiiiiiiiianenne. 13
2.3.3 VG800, ... it 15
2.3.4 Remote Communication Interface (RCI) ...................... 16
235 FieldCare ... ..o, 17

Vi



CHAPTER 3: METHODOLOGY ...uiiiiiiiiii e, 18

3.1 Procedure Identification...................ooociiiiii i, 18

3.2 Testing ProCeduUIeS. .......cviueiiiii e 19

3.3 Tools and EQUipments. ........c.ooevriiriniiniiiiieiieiieicieienen, 20

3.4 SOftWATC. ...t 24

CHAPTER 4: RESULT AND DISCUSSION......cooviiiiiiieeee, 26
4.1 Resultof Valve Test.......oovuiiiiiii 28

4.1. 1 Full Stroke Test (FST)...ooviiniiiiii e 28

4.1.2 Partial Stroke Test (PST).....c.ooviiiiiiiiiiiiiie, 29

4.1.3 Breakaway Pressure. ... ...o.o.eveeiiniiriiiiiiiciiiee e, 38

4.1.41L0ad FaCtOr......c.oviniiiiii 40

4.2 Result of Pneumatics Test............ooviiiiiiiiiiiiiiiea 42

4.2.1 Pneumatic Test for Ball Valve....................ooiiiin, 42

4.2.2 Pneumatic Test for Butterfly Valve.............................. 44

4.2.3 DISCUSSION. ... ettt e 47

4.3 Problem Encounter..............oooiiiiiiiiiiiiiiiiie e 48

4.3.1 Connection problem. ... 48

4.32Ball Valve Error.........coiiiiiiiiicce e 49

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS..................... 50
5.1 C0ONCIUSION. ...eeei e 50

5.2 Recommendations and Future Works..................ccooeininn.n, 51

vii



REFERENCES. ... 52

APPENDICES. ... 53
APPENAIX L. .o 54
Appendix I, ..o 55
Appendix I ... 56
AppendixX IV ... 59
APPENAIX V. e 62
Appendix V.. .o 64
AppendiX VI ... 0D
Appendix VIIL. ... ..o 73

viii



LIST OF FIGURES

Figure 1: Safety loop failure SOUICeS.........c.ovviiiiiiii e 1
Figure 2: Ball ValVe. ... ..., 5
Figure 3: Metso Neles Ball Valve. ..o, 6
Figure 4: Butterfly ValVe. ... ... 6
Figure 5: Metso Neles Butterfly Valve. ..., 6
Figure 6: PLC program.........c.oouiiiiiii e et eeeeeieeieieee.. 8
Figure 7: Programmable Logic Controller (WideField 2 Software)................. 9
Figure 8: Neles ValvGuard system cOmponents............ocevvvvieieieninnennennnn. 14
Figure 9: Neles ValvGuard. ...........ocooiiiiiii e, 15
Figure 10: Remote Control Interface (RCI)..........coooiviiiiiiiii, 16
Figure 11: FieldCare Software User Interface..............cocvvvviiiiiiniiiniininnn.. 17

Figure 12:

Project flow planning for both semesters..............cccooviiiiiiiin 18

Figure 13: Testing flow for the project............cooviiiiiiiiiie 19
Figure 14: Ball Valve and Butterfly Valve..................... 20
Figure 15: Programmable Logic Controller (PLC)..........cooovviiiiiiiiiiinenene. 22
Figure 16: WideField2 Software. ..........ccooiiiiiiii e 24
Figure 17: FieldCare SOftWare. .........ccoovuiriiiii e 24
Figure 18: HART SeIVEI . ....uiit i 25
Figure 19: Testing interval for PST and FST for both valves........................ 27
Figure 20: PST collide with FST (Ball Valve) ..o, 28
Figure 21: PST collide with FST (Butterfly Valve) ..., 29
Figure 22: Valve test result of Partial Stroke Testing..................ocoviinni. 29
Figure 23: First Stroke of Ball Valve. ..o, 30
Figure 24: Second Stroke of Ball Valve............c.oooiiiiiiiiii 30
Figure 25: Forth Stroke of Ball Valve.............ccooooiiiiii 31
Figure 26: Fifth Stroke of Ball Valve................cooiiii i, 32
Figure 27: Sixth Stroke of Ball Valve. ... 32



Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:

First Stroke Testing of Butterfly Valve......................... 33
Second Stroke Testing of Butterfly Valve........................o.oll. 34
Forth Stroke Testing of Butterfly Valve.............................. 34
Fifth Stroke Testing of Butterfly Valve.................................... 35
Sixth Stroke Testing of Butterfly Valve.....................oooiiin. 35
Solenoid ValVve. ... 36
Breakaway Pressure for Ball Valve........................c 38
Breakaway Pressure for Butterfly Valve................................. 39
Load Factor for Ball Valve. ... 40
Load Factor for Butterfly Valve.................coooiiiii, 41
First Pneumatic Testof Ball Valve..................coooiiiiiiiia, 42
Second Pneumatic Testof Ball Valve...................cocooiiiiii, 42
Third Pneumatic Test of Ball Valve..................coooiiiiiiiiiinni, 43
Forth Pneumatic Test of Ball Valve................ccoooiiiiiin 43
Fifth Pneumatic Test of Ball Valve..............ocooiiiiiiiiiiiinn, 44
First Pneumatic Test of Butterfly Valve.........................oo 44
Second Pneumatic Test of Butterfly Valve................................ 45
Third Pneumatic Test of Butterfly Valve.................................. 45
Forth Pneumatic Test of Butterfly Valve..........................ool 46
Fifth Pneumatic Test of Butterfly Valve.......................coooiin, 46
SOlEN0Id ValVe. ... 47
HART and FieldCare Error Identification........................ooeenen. 48
FieldCare indicates PSTis Failed.............c.coooiiiiiiiiiiiiinnn, 49
FieldCare indicates Pneumatics Test is Failed............................. 49



LIST OF TABLES

Table 1: PLC input and output deViCes...........oviiiiiiriiiiiiiiiiiiiaieieean, 8

Table 2: PLC operation for Ball Valve...................ocooiiiiii, 10
Table 3: PLC operation for Butterfly Valve..................coooiiiiiiiiii, 11
Table 4: ValVe SIZe. ... 20
Table 5: Ball Valve Specification.................cooiiiiiiiii e, 21
Table 6: Butterfly Valve Specification...................cocooiiiiiiiiiii, 21
Table 7: PLC SPeCifiCations. ........c.ooviniiiiii e 22
Table 8: Device Alert SettingsS. .......coviiiiii e 23
Table 9: Statistical Alert SEttings. ..... ..ot 23
Table 10: PST CoNAItioN. ... ..c.ouiiiie e e 26

Xi



FST
PST
VG
PLC
RCI
HART
SIL
PFD
DCS
ESD
FDT

LIST OF ABBREVIATIONS

Full Stroke Testing

Partial Stroke Testing

ValvGuard

Programmable Logic Controller

Remote Communication Interface
Highway Addressable Remote Transducer
Safety Integrity Level

Probability of Failure in Demand
Distributed Control System

Emergency Shutdown

Field Device Tool

xii



